This paper assesses the structural, joint implications of climate and land-use change on agriculture in the European Union, by means of a computable general equilibrium model of the world economy. The counterfactual simulations are conducted at the year 2050 under the second Shared Socioeconomic Pathway. We find that climate and land-use change are likely to affect agricultural systems very differently across Europe. Northern countries are expected to benefit from climate change impacts, whereas other areas in Europe will suffer negative consequences in terms of reduced agricultural output, real income and welfare. The most vulnerable region is not made of Mediterranean countries, but rather Central Europe. Our results suggest that climate and land-use changes may exacerbate existing disparities within the EU. Therefore, appropriate adaptation strategies and a more flexible land-use are required to limit these negative consequences and possibly exploit the beneficial effects of climate change in some countries.
distribution of vegetation and, consequently, land cover types: elevation and latitude of the land will have higher influence on crop distribution (Gobiet et al., 2014) . In addition, changes in biodiversity due to climate change are expected to increase the vulnerability of regional agriculture, for instance in terms of higher sensitivity to pests, and consequently the likelihood of land abandonment in some regions (Rounsevell et al., 2006) . The economic strength of farms, the pressure on agriculture land by other land uses or social drivers (e.g. migration) may challenge the adaptive capacity of regional systems (Hermans et al., 2010; Greiving, 2011) , resulting in the fact that the long-term future development of European agriculture will depend on the local combination of the mentioned factors. Most existing research focuses on the likely direct impacts on crop yields and agricultural output of climate change only (e.g., Jones and Thornton, 2003; Hertel et al., 2010; Ciscar et al., 2011; Lavalle et al., 2010) . Most of them focus on other world regions, especially the USA (Schlenker et al., 2005; Deschênes and Greenstone, 2007) and the Mediterranean region (García-Ruiz et al., 2011; Iglesias et al., 2011; Roson and Sartori, 2015) , or are limited to a single or a group of European countries, relying on econometric techniques (Lang, 2007; van Passel et al., 2016) . In this paper we simulate the structural joint consequences of both climate and landuse change on agriculture 3 in the EU, at the year 2050. A first novelty of this study is the combination of different modeling frameworks, each delivering key inputs for and output of the analysis. The analysis of climate change impact on agriculture follows Roson and Sartori (2016) and models climate change as a shock to agricultural productivity. Then, the Land-Use-based Integrated Sustainability Assessment -LUISA-Territorial Modeling platform (Baranzelli et al., 2014) provides the estimates on land-use changes. Finally, the two inputs are fed to a computable general equilibrium (CGE) model of the world economy to gauge the overall impact of climate change (through variations in agricultural productivity) and land-use change on the agriculture sector of the European Union. The CGE model database is disaggregated into the 28 EU Member States and two residual regions (rest of Europe, rest of the world). The economy of each EU Member State is "perturbed" with the estimated variations in agricultural productivity and land-use change. A second novelty of this study is that the counterfactual simulations are conducted on a 2050 baseline, where the economic structure of the EU28 is consistent with the population and Gross Domestic Product (GDP) levels projected under the "Middle of the Road" Shared Socioeconomic Pathway, SSP2 (Kriegler et al., 2012; KC and Lutz, 2014; O'Neill et al., 2017) . 4 The paper is structured as follows. The next Sub-section describes the modeling approach. Section 2 is devoted to the description of the methodology applied to estimate the climate change and land-use change impacts on agriculture. Section 3 3 Livestock production is excluded from this analysis. 4 SSPs include a storyline or narrative, which describes plausible alternative changes in aspects of society such as demographic, economic, technological, social, governance and environmental factors.
illustrates the results obtained from the economic analysis, while Section 4 reports the results of the sensitivity analysis conducted on climate change impacts. Finally, Section 5 provides some conclusions.
1.1
Modeling strategies and the general equilibrium analysis The macroeconomic consequences of reduced land availability and lower productivity of agriculture go far beyond a drop in agricultural production (yields). In fact, lower output brings about an increase in the price of domestic products, which become relatively more expensive than foreign products. This change in relative prices may cause the substitution of some domestically produced agricultural goods with imports in both production and consumption processes, triggering a devaluation of the national currency (necessary to ensure a trade balance) and a change in the whole structure of the economic system. Vice-versa, larger availability of land and increased productivity generate opposite effects. To account for the multiple system-wide economic consequences, a Computable General Equilibrium (CGE) model is the appropriate tool (see e.g. Dixon and Jorgenson, 2013) . A CGE model is a large non-linear system that provides a systemic and disaggregated representation of national, regional and multi-regional economies. It fully accounts for circular income flows, inter-sectoral and market linkages, changes in relative competitiveness. The economy is treated as an integrated system, in which markets influence each other, resource are constrained, prices are allowed to vary and demand and supply must balance under behavioral assumptions of Walrasian perfectly competitive market. Model parameters are calibrated using real world data from Social Accounting Matrices (SAM), whereas counterfactual simulations are obtained by changing exogenous variables and parameters. The counterfactual equilibrium computed for the global economy is compared to the benchmark/baseline equilibrium, where no shock perturbed the economy. A major advantage of using a general equilibrium model is that industry prices of all possible markets (not only agricultural markets) are endogenous, so that the loss of productivity occurring in agriculture is partly compensated by an increase in the relative price of agricultural products, thus enhancing the value of the reduced output. The model used in this exercise is the CGE model of the Global Trade Analysis Project (GTAP), whose mathematical structure is fully described in Corong et al. (2017) (see the Appendix for more details). The model is calibrated on version 9 of the GTAP Data Base (Aguiar et al., 2016) , at the year 2011. The database is disaggregated into the 28 EU Member States 5 and two residual regions, Rest of Europe and Rest of the World.
Figure 1 summarizes the methodology followed to simulate the consequences of both climate and land availability change on agriculture. The counterfactual simulations are conducted at the year 2050, under the second Shared Socioeconomic Pathway, SSP2, termed the "Middle of the Road" scenario. SSP2 is a pathway characterized by a modest overall growth in population and incomes, and a slow pace of overall trade liberalization. Data on projected population and income levels by country are used to obtain a plausible baseline of the whole economy at the year 2050. Percentage changes of GDP and population reported in Table A1 of the Appendix are applied to the corresponding variable in the CGE model, so that the model generates a counterfactual baseline scenario, where the value of the other macroeconomic variables is consistent with the projected population and GDP. The 2050 SSP2 baseline is then "perturbed" to account for the climate change impact on agricultural productivity and the variations in land available for agriculture -landuse change. In particular, (i) the productivity of agricultural crops is varied by the percentage changes reported in Table 2 of Section 2.1, as a result of climate change; and (ii) agricultural land is scaled up or down according to percentages shown in Table 3 of Section 2.2. 
The impact of climate and land-use change on the European agriculture

2.1
Climate change impact on agricultural productivity The impact of climate change on agricultural productivity is estimated by applying the methodology proposed by Roson and Sartori (2016 
Impact on agriculture
CO2 concentration) to economic impacts in various dimensions, for a set of countries, including all European economies. When it comes to estimate the impact on crop yield, two damage functions are defined. One function estimates sectoral productivity variations in the yields of rice, wheat and maize only, and is obtained on the base of meta-analyses provided by the IPCC (2014); a second function estimates productivity changes of the aggregated agricultural sector, elaborating on Cline (2007) . In both cases, crop yield is expressed as a function of local mean temperatures. 6 As the disaggregation of the dataset used in this study allows to keep "Rice", "Wheat" and the broader category "Cereals" disaggregated, the first cropspecific impact function is applied to these three categories, whereas the second impact function is applied to an aggregated residual category "Other Crops". 7 Predicted local average temperatures at the year 2050 are retrieved from the GAEZ dataset and are shown in Table 1 . In the EU, temperatures are expected to rise by +1.75°C, on average (IPCC, 2014). The largest increases will likely be registered in Northern-Eastern countries (e.g., Finland, Estonia, Hungary, Sweden, Latvia, Lithuania), whereas among the smallest increases there are some Mediterranean and central Europe countries (e.g., Greece, Cyprus, Austria, Luxembourg and the UK). 8 Source: GAEZ database 6 For a detailed description of how the damage functions are obtained, the reader may refer to Roson and Sartori (2016) , Section 4. 7 Maize is a cereal, so we applied the resulted productivity change of maize to the whole category "Cereals". The residual agricultural sector "Other Crops" contains oilseeds, fruits and vegetables, plant-based fibres and nuts. 8 The GAEZ database (http://www.fao.org/nr/gaez/about-data-portal/agro-climatic-resources/en/) collects projections on several climate variables, including average temperature, obtained from a number of General Circulation Models (e.g., Hadley CM3, MPI ECHAM4, CSIRO Mk2, etc.) on the base of some SRES climate scenarios (A1F, A1, A2, B1 and B2), developed for the IPCC Fourth Assessment Report. As the mean value of the models projections are very similar across SRES scenario, results of this study has been produced by using mean temperature projections generated by the Hadley CM3 model, B2 SRES scenario, for the year 2050.
By applying the percentage variations in average temperature shown in Table 1 to the damage functions provided by Roson and Sartori (2016) , estimates of productivity changes in "Rice", "Wheat", "Cereals" and "Other Crops" are obtained and shown in Table 2 . The variations in average temperature affects European agricultural productivity differently, depending on (i) the climate zone where countries are located, and (ii) the crop response to changing local temperatures, which is generally not linear and fully taken into account in the climate change damage functions (Mendelsohn and Schlesinger, 1999; Schlenker and Roberts, 2009; Lobell and Burke, 2010) . Table 2 . Impact of climate change on agricultural productivity by crop category and weighted net impact on total productivity.
Wheat is the most affected crop, with a predicted average decrease of -6.5%, followed by rice (-3.9%) and cereals (-1.2%). Finland and the UK are expected to experience a positive impact on the agricultural productivity of wheat and cereals, respectively. The impact on the residual sector "other crops" is negative for all the countries located in South Europe, whereas for the remaining countries the impact is positive (0.3% on average). This different outcome may be explained by either the differences between the two types of damage functions employed to compute the changes in productivity or the composition of the residual aggregate of agricultural good, which is very heterogeneous, with possible opposite-sign impacts averaging out. The overall impact of climate change on the productivity of the whole agricultural sector is not uniform across Europe. In some countries, especially those located at higher latitude, warmer average temperatures turn out to be beneficial to the agricultural productivity of some crops, in particular to the residual crops category, and the whole impact is positive. Higher average temperature in this climatic zone increases growing potential and extends growing season. The net impact turns out to be more severe in Southern Europe (Portugal, Malta, Spain), but also in the UK, France, Bulgaria and Hungary are significantly affected. Yet, these national-level estimates may hide some local and sub-national variability, due to different internal climate conditions. All in all, despite the significant reductions expected in the productivity of rice, wheat and cereals, the net impact on the whole sector is smaller, as the share of these three crop categories over the total agricultural production is minor (see Table A1 in the Appendix).
Land-use change and its effects on agriculture
Land-use change affects agriculture in the sense that more or less land will be available for crop cultivation. Estimates on land-use change were retrieved from the LUISA Territorial Modeling platform, built by the Joint Research Centre of the European Commission (LUISA -Land-Use-based Integrated Sustainability Assessment, Baranzelli et al., 2014) . These estimates are not available by crop, but only in terms of generic "agriculture" land-use class. Therefore, the estimated variations in agricultural land endowments reported in Table 3 are applied uniformly to each crop category. The LUISA platform integrates a suite of models, considering the demand and supply of resources and socio-economic activities and infrastructures, and merges both top-down and bottom-up dynamics to simulate land-use changes (Baranzelli et al., 2014) . Scenarios consist of land-use allocation in space and time considering macro drivers as simulated by sectoral models (such as RHOMOLO, GEM-E3, CAPRI, POLES, etc.), through different geo-spatial models (such as TRANSTOOL, LISFLOOD, Regional Climate Models, BIOMA, etc.). The latter models provide thematic physical and geographical layers, while overall long-term demographic (trends and migrations) and economic projections are retrieved from Eurostat and ECFIN (for further detail on the modeling, see EC, 2016). In practice, the "demand" module of LUISA is a set of procedures that capture macro drivers of land-use change (taken from a set of upstream models) and transform them into actual regional quantities of the modeled land-use types. Specifically, in LUISA, "land demand" is specified for four main groups of land-use classes: urban, industry-commerce, agriculture and forest. The 'agriculture' land-use class includes various types of land used to produce food, feed and fiber, thus comprising arable and pasture land, and permanent crops. Regional land demands for agricultural commodities are taken from the CAPRI model (Britz and Witzke, 2008) , which simulates market dynamics using nonlinear regional programming techniques to forecast the consequences of the Common Agricultural Policy. This ensures consistency between the CAP-compliant economic and market assumptions, and the physical space occupied by the commodities grown in each simulated region. At the year 2050, agricultural land is likely to decrease in the majority of the countries, with the largest absolute reductions occurring in France, Germany, Poland, the UK and Italy, which are also among the largest producers of agricultural goods in Europe (see Table A1 in the Appendix). A larger availability of agricultural land is predicted for some North-Eastern countries, so a shift of agricultural production toward this region is expected to occur, due to climate change. 9 Surprisingly, an increase in the amount of agricultural land is predicted for some Southern economies as well, such as Cyprus, Greece, Portugal and Spain. Such increase could be explained by considering the recent dynamics in these countries, causing synergistic effects that might promote the extensive agriculture, then the agriculture land. In words: a stable or decreasing demography decreases the demand for urban areas, a stagnating economy halts the demand for productive lands, the CAP subsidizes the extensive crops; these three processes seem to simultaneously occur especially in the mentioned areas. Source: Own elaboration using the datasets produced by the LUISA platform
Estimates reported in Table 2 and 3 are summarized graphically in Figure 2 .
9 A relatively large area of land will become increasingly available and attractive to agriculture and forestry. For example, in the northern Scandinavian countries (Norway, Sweden and Finland), it is expected that the boreal region will shift some 600 km further North (IPCC, 2014). Figure 3 illustrates the percentage variations in total yield by crop category. The impact on agricultural output varies substantial both across countries and crops. Not surprisingly, the impact on agriculture is negative for the countries suffering from loss in land endowment and productivity, and vice versa. However, variations in industrial output are different from changes in productivity, as expected, because the change in relative competitiveness among sectors is fully accounted for in the general equilibrium model. More specifically, when productivity drops, production volumes fall not only because lower output is obtained with the same factors, but also because higher costs in that sector bring about lower demand. A general equilibrium economic analysis enables us to appreciate such a secondary order effects. Depending on the crop type and country, the overall impact on crop yield may vary substantially. For example, wheat production is expected to drop by -38.55% in Luxemburg, driven by land-use change, and to rise dramatically by 65.36% in Finland, due to climate change. The overall impact on rice production is negative for all countries, although rice production in Europe is relatively low so that the impact is set to be minor, with the exceptions of Hungary (3.53%) and Estonia (3.40%), mostly driven by climate change; rice productions in Belgium and the UK are the most negatively affected, with a projected decrease of -13.84% and -10.78% respectively. The expected variations in the yield of the various crop categories (with the exception of rice) are qualitatively similar within the same country. For example, agricultural production in Sweden, Finland and Estonia is expected to grow, regardless the crop type under consideration. The reverse holds true for e.g. Hungary, Germany, Spain, Slovenia, the UK and Belgium. For other countries, like Italy, France and Cyprus, changes in crop production are positive for some product categories and negative for others. Consistently with the literature, climate-related increases in crop yields are expected above all in northern European countries (e.g., Alexandrov et al., 2002; Ewert et al., 2005; Audsley et al., 2006; Olesen et al., 2007; Richter and Semenov, 2005) . Unlike other studies, this analysis reveals that among the countries expected to suffer the largest reductions in wheat and cereals yields there are non-Mediterranean countries, like Germany, Poland, Hungary, Belgium and Luxembourg. The negative impact is often driven by changes in land-use, neglected in other studies but extremely important to gauge the overall impact on national crop production. These countries are expected indeed to suffer the largest percentage reductions in land available for agriculture (see Table 3 ). Clearly, variations in the agricultural output do affect employment level in the same sector. Figure 4 illustrates the overall impact expected on the employment of the agricultural sector. Changes in employment levels reflect the expected percentage Figure 3 . A higher agricultural productivity and a larger availability of land bring about an expansion of the whole agricultural sector, which demands additional workers. This is the case of many northernEuropean countries (e.g., Finland, Sweden, Estonia and Latvia), where the increase in agricultural output pushes up the demand for labor (in agriculture) by 15 to almost 30%. In fact, these increases are not so substantial as they might appear at a first glance, given the small share of labor employed in agriculture in these countries (see Table A3 in the Appendix). Wherever agricultural land and/or agricultural productivity are expected to decrease, so does the demand for labor (e.g., Luxembourg Belgium, Portugal, Poland, France and Malta). It is worth noting that the most negatively affected countries are those located in central-southern Europe, with some exceptions (e.g., Croatia, Cyprus, Greece). Another relevant macroeconomic variable it is worth commenting is the national real income, a measure of household purchasing power, thereby accounting for the overall impact on welfare. Lower (higher) productivity in agriculture generates negative (positive) consequences in terms of real income and welfare, as illustrated in Figure 5 . The magnitude of the loss (gain) depends on the amount of the productivity shock, but also on the share of agricultural sector in the economy. A first interesting example is Romania. This country is predicted to suffer the second largest decrease in real national income, even if the reduction in agricultural productivity and agricultural land are not among the largest. Yet, its share of agricultural activities over the total economic activity is the highest among the EU-28 countries (see Table  A3 of the Appendix). A second example is Luxembourg. This country is expected to suffer from large reductions in total agricultural output and employment level. Yet, the negligible share of agriculture on its total value added (1.26%) dampens the impact on national income. On average, the impact on the national income of the European economies is small, ranging from -0.18% predicted for Poland to 0.09% for Finland under the climate change and land-use scenario. This modest impact comes with no surprise, as the value added of agriculture represents a small fraction of total GDP in most EU economies (4.72% on average, see Table A3 of the Appendix). Most countries are negatively affected, and it is worth noting that among the largest expected impacts we find non-Mediterranean countries, like Poland, Romania, Bulgaria and Hungary, whose shares of agricultural value added are among the highest in Europe. Changes in agricultural productivity due to climate change drive the overall results for 14 countries, especially in southern Europe. Land-use change affects more significantly the national income of central-northern economies, like Poland, Lithuania and, positively, Finland. Estonia and Sweden are also positively affected. Negligible impacts are expected in Latvia, Ireland and central Europe countries. The whole impact of climate change and land-use change (CCLU) is not just the sum of the two impacts taken alone (CC+LU), due to the many secondary-order effects at play in the structural captured by the general equilibrium adjustment process. Another interesting question stemming from the analysis is what happens to the rest of the economy. Is it unaffected by these changes occurring in agriculture? A general economic equilibrium analysis sheds light on the extent to which other sectors are indirectly affected by the productivity shocks in agriculture, both positively and negatively. This is another consequence of the full account of changes in relative competitiveness. For example, if a negative shock affects agricultural production, it will trigger a devaluation of the currency to keep the trade balance in equilibrium. The devaluation then makes exported goods more competitive in foreign markets, thereby stimulating production in the other sectors of the economy. Table 4 presents the changes in total output for the Manufacture and Services industries. On average, Manufacture is more affected than Services by the change in relative competitiveness (e.g., Estonia, Finland, Malta, Latvia, Poland, Portugal, Spain), as Services are typically not traded internationally. In general, where agricultural land availability or productivity is projected to increase (e.g., Greece, Latvia, Sweden), a rise in agricultural production and a reduction in the output of the other sectors are expected, with possible exceptions. In the CGE model employed in this study factors of production are fixed (their level is exogenous), fully employed and land is an imperfectly mobile factor (it can not move to non-agricultural sector). Therefore an expansion of agriculture would necessarily generate a contraction of the other sectors, as more factors (not only land) are employed in the former. On the other hand, the increase in land availability means more factor income and boosts the marginal productivity of the other production factors of the economy (capital, labor and natural resources), resulting in an increase in the output of the all sectors. Which of the two effects prevails depends on market conditions and the economic structure of the country.
Macroeconomic results
Sensitivity analysis
To account for the high degree of uncertainty that surrounds climate change projections and its effects on agricultural productivity, this section presents a detailed sensitivity analysis that incorporates uncertainty into the model. Indeed, the GTAP CGE model allows us to undertake 'systematic sensitivity analysis' (SSA) on key parameters and exogenous variables, using statistical quadrature techniques (Arndt, 1996) . In practice, one or more parameters or shocks can be 'perturbed' on the basis of ex-ante (subjective) probability distributions; for each realization of the random variables, the model computes a general equilibrium state. Results are subsequently processed to infer the statistical distribution -the mean value and standard deviation-for all endogenous variables. We use this methodology to account for the uncertainty surrounding the percentage variations of agricultural productivity (reported in Table 2 ), which represent the economic channel through which climate change affects agricultural output. These percentage variations are indeed estimated on the ground of the predicted average levels of future temperature, whose uncertainty is captured by the associated standard deviations (columns 2 and 3 in Table 1 ). From these, we compute the expected variations in agricultural productivity,, which are needed to study the sensitivity of results. 10 The results from the SSA calculation are estimates of the mean value and standard deviation for each endogenous variable, from which it is possible to infer information about the likely range of variation in the variables of interest, like agricultural output and employment levels. Table 5 and 6 report the estimated variations in agricultural output and employment level, respectively, and their standard deviations. 11 To the extent that both the variation in 2050 average temperature and its standard deviation are larger (see Table 2 ), the uncertainty surrounding our results is higher 10 At present, continuous uniform and symmetric triangular are the two available distributions to carry out a SSA with RunGTAP. In the SSA undertaken in this study, we use the symmetric triangular distribution. Further information are available in Arndt and Pearson (1998) . 11 The standard deviations of the distributions for the variable "national income" computed by the SSA are very low (< 0.0001 for most countries), meaning that the uncertainty surrounding the average values reported in Figure 5 is low. For this reason, results from SSA are not reported, but are available upon request.
as well. This is the case of Finland and Sweden. All in all, the sensitivity analysis reveals that deviations around our estimates are rather small and do not change neither the sign nor (significantly) the size of our results. 4. Discussion and concluding remarks This paper provides indications of how changes in climate and land-use are expected to affect EU28 agriculture (and the whole economy) by 2050. It highlights two key results. First, climate and land-use change are likely to affect agricultural systems very differently across Europe, depending on the climate zone where countries are located. Northern countries are expected to benefit from climate change, through higher crop production, whereas other areas in Europe will suffer negative consequences in terms of reduced agricultural output, income and welfare. Rather surprisingly, Central-Eastern countries appear more vulnerable than Mediterranean ones, and will likely experience the largest drops in crop production and national income. The impact on the latter, however, is not particularly worrisome, as the share of agricultural activities over the total economic activity is small. Rather, this may change the relative future importance of Europe as a global supplier of food. Second, land-use is likely to change in the near future, expanding suitable areas for crop cultivation and increasing agricultural production in some Northern and Southern countries. Instead, the largest drops in agricultural output due to land loss will be experienced in Eastern Europe. These outcomes may exacerbate existing regional difference across EU28 countries, in line with recent evidence about the US, that points in the very same direction (Hsiang et al,. 2017) . As argued by Olesen and Bindi (2002) , adaptation strategies, like changes in crop species and sowing dates, land allocation and farming system, could effectively curb some negative effects of climate change or exploit positive effects, thus reducing regional disparities. In our simulation exercises we deliberately abstract from any adaptation/mitigation policy. In this sense, our estimates can be considered as upper and lower bounds of the potential impacts that may be raised (if positive) or dampened (if negative) to the extent that adaptation and mitigation policies are put in place. Improving the understanding of the potential effects of climate change on crop yields is central to design appropriate adaptation strategies, and to reform current policies in such a way to encourage a more flexible land-use and crop production. Furthermore, new developments towards less intensive farming systems, environmental protection and urbanization will also matter in shaping future agricultural systems. Understanding the combined effects of adaptation and mitigation strategies with social-economic trends therefore represents a promising topic for future research.
homothetic CDE function and goods have different prices and income elasticities;  government spending is modeled by using a Cobb-Douglas sub-utility function, which maintains constant expenditure shares across all budget items;  representative firms in each regional industry allocate factors on the basis of cost minimization. Production functions are nested CES functions, with calibrated structural parameters and given elasticities of substitution. Intermediate factors and the value added aggregate are not substitutable among themselves (Leontief). Intermediate and final demand is split according to the source of production: first between domestic production and imports, subsequently the imports among the various trading partners. The Armington assumption (Armington, 1969 ) is adopted: goods in the same industry but produced in different places are regarded as imperfect substitutes. Allocation is based on relative market prices, including transportation, distribution, and tax margins. Unit prices for goods and services equals average production costs, including taxes. Firms pay wages/rental rates to the regional household in return fo the employment of land, labor, capital, and natural resources. Firms sell their output to other firms (intermediate inputs), to private households, government, and investment;  production volumes for all industries in all regions equal intermediate domestic consumption, final demand (private consumption, public consumption, demand for investment goods) and exports to all other regions;  endowments of primary factors (e.g. labor, capital) are given and match demand from domestic industries. There is perfect domestic mobility for labor and capital (single regional price) and imperfect domestic mobility for land (industry-specific price), but no international mobility. Each sector employs two factors of production, capital and labor, with the exception of agriculture, where a third input, land, enters the production function;  national income equals returns on primary factors owned by domestic agents, and is allocated to private consumption, public consumption and savings (constant, calibrated shares). Savings are virtually pooled by a world bank and redistributed as regional investments, on the basis of expected future returns on capital. Therefore, there is no equality between domestic savings and investment, which implies the absence of a strict trade balance constraint;  the rest of the world gets revenues by exporting to private households, firms and government. Table A3 . Share of agricultural value added on total GDP in the 2011 baseline.
